
CHAPTER 3

SITE EVALUATION PROCEDURES 

3.1 Introduction 

The environment into which the wastewater is discharged can be a valu
able part of an onsite wastewater and disposal system. If utilized
properly, i t  can provide excellent treatment a t  l i t t l e  cost. However, 
i f  stressed beyond i t s  assimilative capacity, the system will f a i l .  
Therefore, careful si te evaluat ion i s  a v i t a l  part of onsite system
design. 

3.2 Disposal Options  

In general, facil i t ies designed t o  discharge partially treated waste
water t o  the soil for ultimate disposal are the most reliable and least 
costly onsite systems. This i s  because l i t t l e  pretreatment of  the 
wastewater i s  necessary before appl ica t ion  t o  the soil. The soil has a 
very large capacity t o  transform and recycle most pollutants found in 
domestic wastewaters. While the assimilative capacity of some surface
waters also may be great, the qual i ty  of the wastewater t o  be discharged
into them is usually specified by local water quality regulatory
agencies . 
To achieve the specified qual i t y  may require a more costly treatment 
system. On the other hand,  evaporation of wastewater i n t o  the atmo
sphere requires 1i t t l  e  wastewater pretreatment, b u t  this method of d i s -
posal i s  severely 1imited by local cl imatic conditions. Therefore, the 
soil should be carefully evaluated prior t o  the investigation of other 
receiving environments. 

3.2.1 Wastewater Treatment and Disposal by Soil 

So i l  i s  the weathered and unconsolidated outer layer o f  the earth's 
surface. I t  i s  a complex arrangement of primary mineral and organic
particles t h a t  differ i n  composition, size, shape, and arrangement.
Pores or voids between the particles transmit and retain air and water. 
Since i t  i s  through these pores t h a t  the wastewater must pass t o  be 
absorbed and treated, their characteristics are important. These are
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determined largely by the physical properties of the soil. Descriptions
of some of the more important physical properties appear i n  Appendix A. 

The soil  i s  capable of t reat ing organic materials, inorganic substances, 
and pathogens i n  wastewater by acting as a f i l t e r ,  exchanger, adsorber,
and a surface on which many chemical and biochemical processes may 
occur. The combination of these processes acting on the wastewater as 
i t  passes through the soil produces a water of acceptable qua l i ty  for  
discharge into the groundwater under the proper conditions. 

Physical entrapment of part iculate  matter i n  the wastewater may be 
responsible fo r  much of the treatment provided by so i l .  T h i s  process
performs best when the soi l  i s  unsaturated. I f  saturated soil  condi
t ions prevail ,  the wastewater flows through the larger  pores and re
ceives minimal treatment. However, i f  the soil i s  kept unsaturated by
res t r i c t ing  the wastewater flow into the s o i l ,  f i l t r a t i o n  i s  enhanced 
because the wastewater i s  forced t o  flow through the smaller pores of 
the so i l .  

Because most soil par t ic les  and organic matter are negatively charged,
they a t t r a c t  and hold  positively charged wastewater components and repel
those of l i ke  charge. The total  charge on the surfaces of the soil sys
tem is  cal led the cation exchange capacity, and i s  a good measure of the 
soil 's  a b i l i t y  to retain wastewater components. The charged s i t e s  i n  
the soil  are able to sorb bacteria,  viruses, ammonium, nitrogen, and 
phosphorus, the principal wastewater constituents o f  concern. The 
retention of bacteria and  viruses allows time for t h e i r  die-off or 
destruction by other processes, such as predation by other soil micro
organisms (1)(2). Ammonium ions can be adsorbed onto clay particles.
Where anaerobic conditions prevail ,  the ammonium ions may be retained on 
the part ic les .  If oxygen i s  present, bacteria can quickly n i t r i f y  the 
ammonium t o  n i t r a t e  which i s  soluble and i s  easi ly  leached t o  the 
groundwater. Phosphorus, on the other hand, i s  quickly chemisorbed onto 
mineral surfaces of the s o i l ,  and as the concentration of phosphorus
increases with time, precipitates may form with the iron, aluminum, or
calcium naturally present i n  most so i l s .  Therefore, the movement o f  
phosphorus through  most s o i l s  i s  very slow (1)(2).

Numerous studies have shown that 2 ft to  4  ft (0.6 to 1.2  m)  of
unsaturated soil i s  suf f ic ien t  t o  remove bacteria and  viruses t o  
acceptable levels and nearly all phosphorus (1)(2). The needed depth is
determined by the permeability of the so i l .  Soils w i t h  r a p i d
permeabi l i  t i  es may require greater unsaturated depths bel ow the 
infi1t ra t ive surface than  soi1s with slow permeabi1it iers . 
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3.2.2 Wastewater Treatment and Disposal by Evaporation 

Wastewater can be returned d i rec t ly  to  the hydrologic cycle by evapora
tion. This has appeal i n  onsite wastewater disposal because i t  can be 
used i n  some areas where s i t e  conditions preclude soil absorption or i n  
areas where surface water or groundwater contamination i s  a concern. 
The wastewater can be confined and the water removed t o  concentrate the 
pollutants w i t h i n  the system. L i t t l e  or no treatment is  required prior
t o  evaporation. However, cl imatic conditions r e s t r i c t  the appl ication 
o f  this method. 

Evaporation can take place from a f ree  water surface, bare soil  , or 
plant canopies. Evaporation from plants i s  called transpiration. Since 
i t  i s  often d i f f i c u l t  t o  separate these two processes on pa r t i a l ly  bare 
soil  surfaces, they are considered as  a single process cal led evapo
transpiration (ET).  

I f  evaporation i s  t o  occur continuously, three conditions must be met 
(3). First, there must be a continuous supply of heat to meet the la
ten t  heat requirements of water (approximately 590 cal/gm of water evap-
orated at 15o C). Second, the vapor pressure in the atmosphere over the
evaporative surface must remain lower than the vapor pressure a t  the 
surface. T h i s  vapor pressure gradient i s  necessary to remove the mois
ture e i ther  by diffusion, convection, or  both .  T h i r d ,  there must be a 
continuous supply of water to  the evaporative surface. The f i r s t  two 
conditions are  strongly influenced by meteorological factors  such as air  
temperature, h u m i d i t y ,  wind velocity,  and solar radiation, while the  
t h i r d  can be controlled by design. 

Successful use of evaporation for  wastewater disposal requires t h a t  
evaporation exceed the total water i n p u t  t o  the system. Rates of evap
oration decrease dramatically d u r i n g  the cold winter months. In the 
case of evaporative lagoons or evapotranspiration beds, input from pre-
cipitation must also be included. Therefore, appl ication of evaporation
for wastewater disposal i s  largely res t r ic ted  t o  areas where evaporation
ra tes  exceed precipitation rates.  These areas occur primarily i n  the 
southwestern United States  (see Figure 3-1). In  other areas , evapora
t i o n  can be used t o  augment percolation i n t o  the soil. 

Transpiration by plants can be used t o  augment evaporation in  soi l -cov-
ered systems (5)(6). Plants can transpire at high rates, but only dur
i n g  d a y l i g h t  hours of the growing season. Dur ing  such periods, evapo
transpiration rates may exceed ten times the rates measured in Class A
evaporation pans ( 7 )  (8)( 9 ) .  However, overall monthly evaporation ra tes  
exceed measured evapotranspiration rates .  Ratios of evapotranspiration 
to evaporation (as  measured from Class A pans)  are estimated t o  be 0.75 
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FIGURE 3-1 

POTENTIAL EVAPORATION VERSUS MEAN ANNUAL PRECIPITATION (4 )

( inches) 

Potential Evapotranspiration more than+ mean annual  precipitation 

Potential Evapotranspiration less t han-
mean annual  precipitation 



t o  0.8 (6)(7).  Therefore, i f  covered disposal  systems are t o  be used, 
they must be l a r g e r  than systems w i t h  a f r e e  water surface. 

3.2.3 Wastewater Treatment and Disposal i n  Surface Waters 

Surface waters may be used f o r  the  disposal  o f  t rea ted  wastewaters i f
permi t ted  by the l o c a l  regu la to ry  agency. The capac i ty  o f  surface 
waters t o  ass im i l a te  wastewater p o l l u t a n t s  va r i es  w i t h  the  s i z e  and type 
o f  t he  body o f  water. In some cases, because o f  the  po ten t i a l  f o r  human 
con tac t  as wel l  as the  concern f o r  ma in ta in ing  the  q u a l i t y  o f  lakes,  
streams, and wetlands, the  use o f  such waters f o r  disposal a re  l i m i t e d .  
Where they can be used, t he  minimum q u a l i t y  o f  the  wastewater e f f l u e n t  
t o  be discharged i s  s p e c i f i e d  by the  appropr ia te  water q u a l i t y  agency. 

3.3 S i t e  E v a l ua t ion  Strategy 

The o b j e c t i v e  o f  a s i t e  i n v e s t i g a t i o n  i s  t o  evaluate the c h a r a c t e r i s t i c s  
o f  t he  area f o r  t h e i r  po ten t i a l  t o  t r e a t  and dispose o f  wastewater. A 
good s i t e  eva lua t ion  i s  one t h a t  provides s u f f i c i e n t  in fo rmat ion  t o  se
l e c t  t he  most appropr ia te  t reatment and disposal  system from a broad 
range of feas ib le  options. This requ i res  t h a t  t he  s i t e  eva luat ion begin
w i t h  a l l  opt ions i n  mind, e l im ina t i ng  i n f e a s i b l e  opt ions only as 
collected site data indicate (see Chapter 2). At the completion of the
inves t i ga t i on ,  f i n a l  se lec t i on  o f  a system from those f e a s i b l e  opt ions 
i s  based on costs, aesthet ics ,  and personal preference. 

A s i t e  eva lua t ion  should be done i n  a systematic manner t o  ensure t h e  
i n fo rma t i on  c o l l e c t e d  i s  usefu l  and i s  s u f f i c i e n t  i n  d e t a i l .  A sug
gested procedure i s  o u t l i n e d  i n  Table 3- 1 and discussed i n  t he  f o l l o w i n g  
sect ion.  Th is  procedure, which can be used t o  evaluate the f e a s i b i l i t y  
o f  s i t e s  f o r  s i n g l e  dwel l ings o r  small c l u s t e r s  o f  dwel l ings (up t o  10 
to 12) is based on the assumption that subsurface soil disposal is the
most appropr ia te  method o f  wastewater disposal .  Therefore, the  s u i t 
a b i l i t y  o f  the  s o i l s  and other  s i t e  c h a r a c t e r i s t i c s  f o r  subsurface 
disposal are evaluated first. If found to be unsuitable, then the
s i t e '  s sui  t a b i l  i ty  f o r  o ther  disposal op t ions  i s  eval uated. 
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TABLE 3-1 


SUGGESTED SITE EVALUATION PROCEDURE 


Step 

C l i en t  Contact 

Prel imi nary  Evalu a t i  on 

F i e l  d Testing 

Other S i t e  
Character i  s t i c s  

Organi z a t i  on o f  F i e l  d 
In fo rmat i  on 

3.3.1 C l i e n t  Contact 

Data Co l l  ected 

Locat ion and desc r ip t i on  o f  l o t  

Type o f  use 

Vol ume and charac ter i  s t i  cs o f  


wastewater 

Avai lab l  e resource informa t ion
( s o i l  maps, geology, etc).

Records o f  o n s i t e  systems in
surrounding area 

Topography and landscape fea tures  
Soi l p r o f i  le charac ter i  s t i c s  
Hydraulic conduct i  v i  t y  

If needed, s i t e  s u i t a b i l i t y  f o r  
evaporat ion or  d i  scharge t o  
surface waters should be 
eval uat e d  

Compilat ion o f  a l l  data i n t o  
useable form 

Before performing any o n s i t e  tes t i ng ,  i t i s  impor tan t  t o  gather informa
t i o n  about the  s i t e  t h a t  w i l l  be useful i n  eva lua t ing  i t s  p o t e n t i a l  f o r  
t r e a t i n g  and d isposing o f  wastewater. This  begins w i t h  the pa r t y  devel
oping the  l o t .  The l o c a t i o n  o f  the  l o t  and the  intended development 
should be establ ished.  The volume and character  o f  the  generated waste
water should be estimated. Any wastewater constituents that may pose
p o t e n t i a l  problems i n  treatment and disposal,  such as st rong organic 
wastewaters, l a r g e  q u a n t i t i e s  o f  greases, f a t s  o r  o i l s ,  hazardous and 
toxic substances, etc., should be identified. This information helps to
focus the  s i t e  eva lua t ion  on the important  s i t e  cha rac te r i s t i cs .  
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3.3.2 Preliminary Evaluat ion 

The next step i s  t o  gather any available resource information about  the 
site. This includes soil s, geol ogy, topography, e tc . ,  t h a t  may be pub
lished on maps or i n  reports. Local records of soil tests, system de
signs, and reported problems w i t h  onsite systems installed i n  the sur
rounding area shou ld  also be reviewed. This information may lack accu
racy, b u t  i t  can be useful i n  identifying potential  problems or particu
lar  features t o  investigate. A p l o t  p l a n  of the l o t  and the l a n d  im
mediately adjacent t o  i t  should be drawn t o  a scale large enough so t h a t  
the information gathered i n  this and later steps can be displayed on the 
drawing. The proposed layout of all buildings and other manmade fea
tures should also be sketched i n .  

3.3.2.1 Soil Surveys 

Soil surveys are usually found a t  the local USDA So i l  Conservation Ser
vice office. Also, some areas of t he  country have been mapped by 
a state agency and these maps may be located a t  the appropriate state 
office. I n  counties now being mapped, advance field sheets w i t h  inter
pretive tables  often can be obtained from the SCS. 

Modern soil survey reports are a collection of aerial photographs of the 
mapping area, usually a county, on which the distribution and k i n d  of 
soils are indicated. Interpretations about  the potential uses of each 
soil for farming, woodland, recreation, engineeering uses, and other 
nonfarm uses are provided. Detailed descriptions of each soil series 
found i n  the area are also g i v e n .  The maps are usually drawn t o  a scale 
of 4 i n .  t o  1 mile. An example of a port ion of a soil map i s  shown i n  
Figure 3-2. 

The map symbols for each mapping u n i t  give the name of the soil series,
slope, and degree of erosion The soil series name i s  given a two-
let ter  symbol, the f i r s t  i n  upper  case, the second i n  lower case. Slope
is  indicated by an upper case le t ter  from A t o  F. A slopes are f l a t  o r  
nearly f l a t  and F slopes are steep. The specific slope range t h a t  each 
letter represents differs from survey t o  survey. The degree of erosion, 
i f  indicated, i s  given a number representing an erosion class. The 
classes usually range from 1 t o  3, representing slightly eroded t o  se
verely eroded phases. The legend for the map symbols i s  found immedi
a te ly  preceding and fol lowing the  map sheets i n  the modern published 
surveys. An example translation of a map symbol from Figure 3-2 i s  
given i n  Figure 3-3. 
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FIGURE 3-2 

EXAMPLE OF A PORTION OF A SOIL  MAP AS PUBLISHED 
I N  A DETAILED SOIL  SURVEY (ACTUAL S I Z E )  

FIGURE 3-3 

TRANSLATION OF TYPICAL SOIL  MAPPING U N I T  SYMBOL 

Soil Series Erosion Class 
(Moderately Eroded) 

Slope  Class 
(In This Survey 2-6%) 
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Interpretations a b o u t  potential uses of each soil series are listed i n  
tables w i t h i n  the text of the report. The soi l ' s  suitabiliy for subsur
face soil absorption systems and lagoons are specifically indica ted .  
Engineering properties are also 1isted, often incl uding depth to bed
rock, seasonal h i g h  water table, percolation rate , shrink-swell poten
t i a l ,  drainage potential, etc. Flooding hazard and other important fac
tors are discussed for each mapping unit with  the profile descriptions. 

While the soil surveys offer good preliminary information about  an area, 
i t  i s  not  complete nor a substitute for a field study. Because of the 
scale used, the mapping units cannot represent areas smaller than 2 to 3
acres (8,100 t o  12,100 m2 Thus, there may be inclusions of soils with
significantly different character within mapping units t h a t  cannot be 
ind ica t ed .  For typical  b u i l d i n g  lots, the map loses accuracy. There
fore, these maps cannot be substituted for onsite testing i n  most cases. 

Limitations ratings used by SCS for septic tank-soil absorption systems , 
are based on conventional trench or bed designs, and t h u s  do n o t  i n d i 
cate the soi l ' s  suitability for other designs. Table 3-2 l i s t s  the 
criteria used i n  making the l imita t ion ratings. They are based  on a 
soil absorption system w i t h  the bottom surface located 2 f t  (0.6 
below the soil surface. In many cases, the 1imitations can be overcome 
through proper design. Therefore, the interpretations shoul d be used 
only as a guide. 

The information provided by the soil survey should be transferred t o  the 
site drawing along with other important information. An example for a
parcel i s  shown i n  Figure 3-4. Information for each o f  the soil sites 
shown on Figure 3-4 i s  presented i n  Table 3-3. 

3.3.2.2 U.S. Geological Survey Quadrangles 

Quadrangles published by the U.S.  Geological Survey may be useful in
estimating sl ope, topography, 1ocal depressions or wet areas, rock out
crops, and regional drainage patterns and water table elevations. These
maps are usually drawn to a scale of 1:24,000 (7.5 minute series) or
1:65,000 (15 minute series). However, because of their scale, they are
of limited value for evaluat ing small parcels. 
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TABLE 3-2 

SOIL LIMITATIONS RATINGS USED BY SCS
FOR SEPTIC TANK/SOIL ABSORPTION FIELDS

Property 

USDA Texture 

Floodi ng 

Depth t o  Bedrock, >72
in.

Depth t o  Cemented >72
Pan, i n .  

Depth t o  H i  gh >6
Water Table, f t
bel ow ground 

Permeab i  l i ty , 
in. /hr 

24-60 i n .  l a y e r
laye rs  <24  i n .  

Slope, percent 

F r a c t i o n  > 3  i n., 
percent by w t  

[Modif ied a f t e r  (10)]

L i  m i t s
Sl ight Moderate Severe 

I c e  

None, Rare Common 
Protected 

40-72 <40

40-72 <40

4-6 <4

2.0-6.0 0.6-2.0 <0.6

0-8 8-15 >15

<25 25-50 >50

Rest r i  c t i  ve 
Feature 

Permafrost 

Floods 

Depth t o  Rock 

Depth t o  
Cemented Pan 

Pondi ng , 
Wetness 

Slow Perc. Rate 
Poor F i l t e r  

Slope 

Large Stones 

3.3.2.3 Local Records 

S o i l  t e s t  repo r t s  and records o f  repor ted f a i l u r e  o f  o n s i t e  systems from 
the  surrounding area may be a source o f  va luable in format ion.  The s o i l  
test reports can provide an indication of soil types and variability.
Performance o f  systems may be determined from the repor ted f a i l u r e s .  
These records are u s u a l l y  a v a i l a b l e from the local regul a to ry  agency, 
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FIGURE 3-4

PLOT PLAN SHOWING SOIL SERIES BOUNDARIES 
FROM SOIL SURVEY REPORT 

Soi I
Drainage 

Boundary 
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TABLE 3-3 

SOIL SURVEY REPORT INFORMATION 
FOR PARCEL IN FIGURE 3-4

Soi l 

Map
Symbol  

Soil 
Series

L i m i t a t i o n
Rat ing

Flood
Hazard

High Water
Bedrock Depth Perm. 

in. 

Dodge 2-6 Moderate No 5-10 0-40 0.63-2.0 
40-60 

Troxel 2-6 Severe Yes 3-5 0-60 0.63-20 

2-6 Moderate No 3-5 0-41 0.63-2.0 
41-60 2.0-6.3 

Absorption  Depth t  o

3.3.3  Field Testing 

Field testing begins w i t h  a visual survey of the parcel t o  locate poten
tial sites for subsurface soil absorption. Soil borings are made in the
potential sites t o  observe the soil characteristics. Percolation tests 
may be conducted in  those soils t h a t  appear t o  be well suited. If no 
potential sites can be found from either the visual survey, soil bor-
i n g s ,  or percolation tests,  then other means of disposal should b e  
i nvesti gated. 

3.3.3.1  Visual Survey 

A visual survey is  made t o  locate the areas on the l o t  w i t h  the greatest
potential for subsurface soil absorption. The location of any depres
sions gullies, 'steep slopes, rocks or rock outcrops, or other obvious 
land and surface features are noted and marked on the plot plan. Vege
t a t i o n  types are also noted t h a t  may indicate wetness or shallow soils. 
Locations and distances from a permanent benchmark t o  l o t  lines, wells,
surface waters, buildings, and other features or structures are also 
marked on the plot plan (see Figure 3.5). If a suitable area cannot be
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F I G U R E  3-5 


PLOT PLAN  SHOWING SURFACE FEATURES
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found for  a subsurface soil absorption system based on this information 
other disposal options must be considered (see Chapter 2 ) .  The remain
der of the f i e l d  test ing can be al tered accordingly. 

3.3.3.2 Landscape Pos i t ion  

The landscape position and landform for  each sui table  area should be 
noted. Figure 3-6 can be used as a guide for identifying landscape
positions. This information i s  useful i n  estimating surface and subsur
face drainage patterns. For example, h i l l t o p s  and sideslopes can be 
expected t o  have good surface and subsurface drainage, while depressions
and footslopes are  more l ikely t o  be poorly drained. 

3.3 .3 .3  Slope 

The type and degree of slope of the area should be determined. The type
of slope indicates w h a t  surface drainage problems may be expected. For 
example, concave slopes cause surface runoff t o  converge, while convex 
slopes disperse the runoff (see Figure 3-6).

Some treatment and disposal systems are limited by slopes. Therefore,
slope measurement i s  important. Land slopes can be expressed i n  several 
ways (see Figure 3-7):

1. PERCENT OF GRADE  - The fee t  of vert ical  r i se  or f a l l  i n  100 f t  
horizontal distance. 

2.  SLOPE - The ra t io  of vertical r i se  o r  f a l l  to horizontal 
distance. 


ANGLE - The degrees and minutes from horizontal.
3 .  

4. TOPOGRAPHIC ARC - The fee t  of vertical r i s e  or f a l l  i n  66 f t  
(20 m)  hori zontal distance. 

Land slopes are  usually determined by measuring the slope of a l i ne  
parallel  t o  the ground w i t h  an Abney Level e i the r  a t  eye height or a t  
some other f i x e d  height above the ground. If  an ordinary hand level i s  
used, then slopes are determined by horizontal l i n e  of s ight  which give
changes in elevation for specific horizontal distances. A hand level is
limited in use because it is best suited for slope determinations up
grade only,  b u t  has the advantage t h a t  only one person i s  needed fo r  
mapping slopes. Three methods of slope determinations are discussed 
bel ow. 
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FIGURE 3-6 

LANDSCAPE POSIT  IONS 

Slope 

Concave 
Slope 

FIGURE 3-7 

METHODS OF EXPRESSING LAND SLOPES 

,-
o r  

0' Horizonta I 

Percent of Grade - 2 0  

Slope-1:5 
Angle - 11 O 19' 

Topographic Arc - 13.2 


66' 100' 

27 



Instrument Supported - Abney Level : For accurate slope determinations,
notch two s t i c k s  o r  c u t  forked s t i c k s  so  they w i l l  h o l d  the l e v e l  5 f t
(1.5 m). above the ground. Rest the level in the notch or fork and sight
to the notch or fork of the other stick held by another person at a
p o i n t  on the slope. The l a n d  slope i s  read d i r e c t l y  i n  percent  on the 
Abney Level. 

Abney Level: On l e v e l  ground, s i g h t  the person working wi th you t o  
determine the p o i n t  o f  i n t e r s e c t i o n  o f  your  l i n e  o f  s i g h t  on him when 
the inst rument  i s  i n  p o s i t i o n  f o r  use as a hand l e v e l  (zero  l e v e l  posi
t i o n ) .  When he i s  on the slope, s i g h t  the  same p o i n t  on the  person 
a s s i s t i n g  you and read the slope d i r e c t l y .  

Hand Level: Height o f  eye must be determined. Then s i g h t  the  p o i n t  o f  
i n t e r c e p t i o n  wi th  the ground surface and determine, by tape measurement 
o r  pacing, the  ground surface d is tance between the s i g h t i n g  p o i n t  and 
the  p o i n t  o f  i n te rcep t .  To c a l c u l a t e  l a n d  slope i n  percent,  d i v i d e  your  
he igh t  o f  eye by t h e  ground sur face d is tance and m u l t i p l y  by 100. 

Using one o f  the  above procedures or  o ther  surveying methods, slopes a t  
se lec ted  s i t e s  can be determined so  t h a t  topography can be mapped. The 
number o f  s i t e s  needed wi l l  depend on the  complexity o f  slopes. Slope
determinat ions should be made a t  each apparent change i n  slope a t  known 
l o c a t i o n s  so  steep slope areas can be accura te ly  drawn. Experience w i l l  
be requ i red  f o r  p ro f ic iency  and accuracy i n  mapping. Steep slope areas 
i n  na tura l  topography have i r r e g u l a r  form and curved boundaries. 
U n i f o r m  boundaries havi ng s t r a i g h t  lines and angular corners i n d i c a t e  
man-altered cond i t ions .  For l a r g e  areas i t may be necessary t o  draw 
contour l i n e s  so  t h a t  slopes a t  d i f f e r e n t  po in t s  i n  the p l o t  can be 
determined.

3.3.3.4 So i l  Borings 

Observation and eva lua t ion  o f  s o i l  c h a r a c t e r i s t i c s  can b e s t  be deter
mined f rom a p i t  dug by a backhoe o r  o the r  excavat ing equipment. How
ever, an experienced s o i l  t e s t e r  can do a s a t i s f a c t o r y  j o b  by us ing  a 
hand auger o r  probe. Both methods are suggested. Hand t o o l s  can be 
used t o  determine  s o i l  var iabi l i ty  over the  area and p i t s  used t o  de
sc r ibe  the  var ious  s o i l  types found. 

So i l  p i t s  should be prepared a t  the per imeter  o f  the  expected s o i l  
absorpt ion area. P i t s  prepared w i t h i n  the absorpt ion area o f t e n  s e t t l  e 
a f t e r  the  system has been i n s t a l  1ed and may d i s r u p t  the d i  s t r i  b u t i  on 
network. I f  hand augers are used, the  holes may be made w i t h i n  the  
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absorption area. Sufficient borings or pits should be made t o  ade
quately describe the soils i n  the area, and should be deep enough t o  
assure t h a t  a sufficient depth of unsaturated soil exists below the 
proposed bottom elevation of  the absorption area. Variable soil 
conditions may require many pits. 

Since i n  some cases subtle differences i n  color need t o  be recognized,
i t  i s  often advantageous t o  prepare the soil p i t  so the sun will be 
shining on the face d u r i n g  the observation period. Natural l i g h t  will 
give true color interpretations. Artificial 1i g h t i n g  should n o t  be 
used. 

3 . 3 . 3 . 5  Soil Texture 

Texture i s  one of the most important physical properties of soil because 
of i t s  close re la t ionship  t o  pore size, pore size distribution, and pore
cont inui ty .  I t  refers t o  the relative proportion of the various sites 
of s o l i d  particles i n  the soil t h a t  are smaller than 2  mm in  diameter. 
The soil texture i s  determined i n  the field by rubb ing  a moist sample
between the thumb and forefinger. A water bottle i s  useful for moistur
i z i n g  the sample. The grittiness, "silkiness," or  stickiness can be 
interpreted as being caused by the soil separates of sand, s i l t ,  and 
clay.  I t  i s  extremely helpful t o  work w i t h  some known samples t o  gain
experience w i t h  f i  el d texturing. 

While laboratory analysis of soil texture is  done routinely by many l ab
oratories, field texturing can give as good information as laboratory
d a t a  and therefore expenditures of time and money for  laboratory analy
ses are not  necessary. To determine the soil texture, moisten a sample
of soil about  one-half t o  one i n c h  i n  diameter. There should be just
enough moisture so t ha t  the consistency i s  like put ty.  Too much mois
ture results i n  a sticky material, which i s  hard t o  work. Press and 
squeeze the sample between the thumb and forefinger. Gradually press
the thumb forward t o  try to  form a ribbon from the soil (see Figure
3-8) .  By using this procedure, the texture of the soil can be easily
described. 

Table 3-4 and Figures 3-9 and 3-10 describe the feeling and appearance 
o f  the various soil textures for a general soil classification. 

29 




FIGURE 3-8 

PREPARATION OF SOIL  SAMPLE FOR F I E L D  
DETERMINATION OF SOIL  TEXTURE 

(A) Moistening Sample 

(B) Forming Cast 

Ribboning 
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TABLE 3-4 

TEXTURAL PROPERTIES OF MINERAL SOILS 

Fee l ing  and AppearanceSoi l
Class 

Sand 

Sandy Loam 

Loam 

S i l t  Loam 

Clay Loam 

Clay 

Dry So i l  

Loose, s i n g l e  gra ins which 
fee l  g r i t t y .  Squeezed i n  
the  hand, the s o i l  mass  
f a l l s  apa r t  when the  
pressure is  released. 

Aggregates e a s i l y  crushed; 
very f a i n t  ve lvety f e e l i n g  
i n i  t i a l  l y  b u t  w i t h  cont inued 
rubbing the  g r i t t y  f e e l i n g  
o f  sand soon dominates. 

Aggregates a re  crushed under 
moderate pressure; c lods  can 
be q u i t e  f i r m .  When pu lver
ized, loam has velvety fee l  
t h a t  becomes g r i t t y  w i t h  
con t i  nued rubbing. Casts 
bear ca re fu l  handling. 

Aggregates are  f i r m  b u t  may 
be crushed under moderate 
pressure. Clods a re  f i r m  t o  
hard. Smooth, f l  our- l ike
fee l  dominates when s o i l  is  
pul  v e r i  zed. 

Very f i r m  aggregates and 
hard c lods t h a t  s t rong ly  
r e s i s t  crushi  ng by hand. 
When pulver ized,  the  s o i l  
takes on a somewhat g r i t t y  
f e e l i n g  due t o  the harshness 
o f  t he  very small aggregates 
which pe rs i s t .

Aggregates are  hard; c lods  
a re  extremely hard and 
s t rong ly  r e s i s t  crushing by 
hand. When pu l  ve r i  zed, i t
has a g r i t - l i k e  t e x t u r e  due 
t o  the  harshness o f  numerous 
very small aggregates which 
pe rs i  s t. 

Mois t  Soi l  

Squeezed i n  the  hand, i t
forms a cas t  which crumbles 
when touched. Does not  form 
a r ibbon between thumb and 
fo re f i nge r .  

Forms a cas t  which bears 
ca re fu l  handl ing w i thou t  
breaki ng. Does no t  form a 
r ibbon between thumb and 
fo re f i nge r .  

Cast can be handled q u i t e  
f r e e l y  w i thout  breaking. 
Very s l i g h t  tendency t o  
r i bbon  between thumb and 
f o r e f i  nger. Rubbed surface 
i s  rough. 

Cast can be f r e e l y  handled 
w i thou t  breaki ng. S l igh t  
tendency t o  r ibbon between 
thumb and fo re f i nge r .  Rubbed 
surface has a broken o r  
r i p p l e d  appearance. 

Cast can bear much handl ing 
w i thou t  breaki ng. P i  nched 
between the  thumb and 
fo re f i nge r ,  i t forms a r ibbon 
whose sur face tends t o  feel 
s l i g h t l y  g r i t t y  when dampened 
and rubbed. Soi l  i s  p l a s t i c ,  
s t i c k y  and puddles eas i l y .  

Casts can bear consi derabl e 
handling w i thout  breaki ng. 
Forms a f l e x i b l e  r ibbon 
between thumb and f o r e f i n g e r  
and r e t a i n s  i t s  p l a s t i c i t y  
when elongated. Rubbed 
surface has a very smooth, 
s a t i n  f ee l i ng .  S t icky  when 
wet and e a s i l y  puddled. 
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FIGURE 3-9

S O I L  TEXTURE DETERMINATION BY HAND: PHYSICAL 
APPEARANCE OF VARIOUS SOIL  TEXTURES 

Sandy
Loam 

Weak Aggregates 

Si l t  
Loam 

F i rm Aggregates 

Clay 

Hard Aggregates 

No Ribbon; Non-Plastic Cast 

Very Sl ight Ribboning 
Tendency; Moderate Iy 

Plastic Cast 

Ribbons Easily; Plastic Cast 
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FIGURE 3-10 

COMPARISON OF RIBBONS AND CASTS OF SANDY LOAM 
AND CLAY (RIBBONS ABOVE, CASTS BELOW) 

I f  the  s o i l  sample r ibbons (loam, c l a y  loam, o r  c l a y ) ,  i t may be des i r 
ab le  t o  determine i f sand o r  s i l t  predominate. I f there  i s  a g r i t t y  
f e e l  and a l ack  o f  smooth ta l c- 1i k e  fee l ,  then sand very 1i k e l y  predomi
nates. I f  there  i s  a l a c k  o f  a g r i t t y  f ee l  b u t  a smooth t a l c - l i k e  f e e l ,  
then silt predominates. If there is not a predominance of either the
smooth o r  g r i t t y  f e e l ,  then the sample should n o t  be c a l l e d  anything 
o the r  than a c lay ,  c l a y  loam, or loam. I f a sample f e e l s  q u i t e  smooth 
w i t h  l i t t l e  o r  no g r i t  i n  it, and w i l l  n o t  form a r ibbon, the  sample 
would be c a l l e d  s i l t  loam. 

Beginning a t  the top  o r  bottom o f  the p i t  s idewal l ,  obvious changes i n  
t e x t u r e  w i t h  depth are noted. Boundaries t h a t  can be seen a re  marked. 
The tex tu re  o f  each l a y e r  o r  hor izon i s  determined and the demarcations 
o f  boundaries changed as appropriate. When the  tex tures  have been 
determined f o r  each layer ,  the depth, thickness, and t e x t u r e  o f  each 
l a y e r  i s  recorded (see F igure  3-11). 

3.3.3.6 So i l  S t ruc tu re  

S o i l  s t r u c t u r e  has a s i g n i f i c a n t  i n f l uence  on the  s o i l ' s  acceptance and 
t ransmiss ion o f  water. So i l  s t r u c t u r e  r e f e r s  t o  the  aggregat ion o f  s o i l  
particles into clusters of particles, called peds, that are separated by
surfaces o f  weakness. These surfaces o f  weakness open p lanar  pores 
between the peds t h a t  a re  o f t e n  seen as cracks i n  the s o i l .  These p l a -  
nar  pores can g r e a t l y  modify the  i n f l uence  o f  s o i l  t e x t u r e  on water 
movement. Wel l- s t ruc tured s o i l s  w i th  l a r g e  voids between peds w i l l  
t r ansmi t  water more r a p i d l y  than s t ruc tu re less  s o i l s  o f  the  same tex
tu re ,  p a r t i c u l a r l y  i f the  s o i l  has become d ry  before the  water i s  
added. Fine-textured, massive soil s (soils' with little structure) have
very  slow pe rco la t i on  rates.  
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FIGURE 3-11 

EXAMPLE PROCEDURE FOR COLLECTING 
SOIL  P I T  OBSERVATION INFORMATION 
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I f  a detai led analysis  of the soil s t ructure  i s  necessary, the sidewall 
of the soil  p i t  s h o u l d  be carefully examined, u s i n g  a pick or similar  
device to expose the natural cleavages and planes of weakness. Cracks 
i n  the face of the soil  prof i le  are indications of breaks between soil 
peds. The shapes created by the cracks should be compared to the shapes
shown i n  Figure 3-12. If cracks are n o t  v i s ib le ,  a sample of soi l  
should be careful ly  picked out and, by hand, carefully separated i n t o  
the structural  units u n t i l  any further breakdown can only be achieved by
fracturing. 

Since the s t ructure  can s ignif icant ly  a l ter the hydraulic characteris
t i c s  of s o i l s ,  more detai led descriptions of soil structure are some
times desirable. Size and grade of durabil i ty o f  the structural  units 
provide useful information t o  estimate hydraulic conductivities. De
scriptions of types and classes of soil structure used by SCS are  given
i n  Appendix A.  Grade descriptions are given i n  Table 3-5. The type,
s ize ,  and grade o f  each horizon or  zone i s  recorded i n  Figure 3-11. 

3.3.3.7 Soil Color 

The color and color patterns i n  soi l  are good indicators o f  the drainage
character is t ics  of the so i l .  Soil properties, location in  the land-
scape, and climate a l l  influence water movement i n  the soil. These 
factors cause some s o i l s  t o  be saturated o r  seasonally saturated,
affecting their abil i t y  t o  absorb and t r e a t  wastewater. Interpretat ion
of soil  color a ids  i n  identifying these conditions. 

Color may be described by estimating the true color for  each horizon or  
by comparing the soil  w i t h  the colors i n  a soil color book. In either 
case,  i t  i s  part icularly important t o  note the colors or color patterns. 

Pick up  some soi l  and ,  without crushing, observe the color. I t  i s  
important t o  have good s u n l i g h t  and know the moisture s ta tus  of the 
sample. If ped faces a re  dry,  some water applied from a mist bo t t l e  
will allow observation of moist colors. 

Though i t  i s  often adequate t o  speak of soil colors i n  general terms,
there i s  a standard method o f  describing colors us ing  Munsell color 
notation. T h i s  notation i s  used i n  soil survey reports and soil de
scription. Hue is the dominant spectral color and refers to the light
ness or darkness of the color between black and white. Chroma i s  the 
re la t ive  purity of strength of the color, and ranges from gray t o  a 
b r i g h t  color of t ha t  hue. Numbers are given t o  each of the variables 
and a verbal description is also given. For example, 10YR 3/2 corre
sponds t o  a color hue of 10YR value o f  3 and chroma 2. T h i s  i s  a very
dark grayi sh brown. 
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FIGURE 3-12 


TYPES OF SOIL STRUCTURE 


BlockyPrismatic C o l u m n a r  

TABLE 3-5 

GRADES OF SOIL STRUCTURE 

Grade 

Structure1 ess 

Weak 

Moderate 

Strong 

Character i  s t i c s  

No observable aggregation. 

Poor ly  formed and d i f f i c u l t  t o  see. 
W i l l  n o t  r e t a i n  shape on handling. 

Evident but  no t  d i s t i n c t  i n  undisturbed 
s o i l .  

Moderately durable on handl ing. 

Visual ly  d is t inct  in  undisturbed soi l . 
Durab l  e on ha ndling. 
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If  a soil color book i s  used to  determine soi l  colors,  ho ld  the soil and 
book so the sun shines over your shoulder. Match the soil  color w i t h  
the color c h i p  i n  the book. Record the hue, chroma and value, and the 
color name. 

Mottling i n  s o i l s  i s  described by the color  of the soil  matrix and the 
color or colors, size, and number of the mottles. Each color may be
given a Munsell designation and name. However, i t  i s  often suf f ic ien t  
t o  say the soil i s  mottled. A c lass i f ica t ion  of mottles used by the 
USDA is  shown i n  Table 3-6. Some examples of soil mottling are shown on 
the inside back cover of this manual. 

DESCRIPTION 

Character Class 

Abundance Few 
Common 
Many 

Size 	 Fi ne 
Medium
Coarse 

Contrast 	 Fai n t  
Di stinct
Prominent 

TABLE  3-6 

OF SOIL  MOTTLES (10) 

L i m i t  

<2% of exposed face 
2-20% o f  exposed face 
>20% of exposed face 

<5mm 1ongest dimensio n  
5-15mm 1ongest dimension 
>15mm 1ongest d i  mensi on 

Recognized only by cl ose observation 
Readily seen b u t  n o t  s t r iking
Obvious and  striking 

3.3.3.8 Seasonally Saturated Soils 

Seasonally saturated soils can usually be detected by soil  borings made 
during the wet season or by the presence of mottled soils (see 3.3.3.7).
For  large c lus ter  systems or for developments where each dwelling i s  
served by an onsite system, the use of  observation wells may be j u s t i 
fied. They are constructed as shown i n  Figure 3-13. The well should be 
placed i n ,  b u t  not extended through, the horizon t h a t  i s  t o  be moni
tored. More than one well i n  each horizon tha t  may become seasonally
saturated i s  desirable. The wells are monitored over a normal wet sea
son by observing the presence and duration o f  water i n  the well. If 
water remains i n  the well for several days, the water level elevation i s  
measured and assumed t o  be the elevation of the seasonally saturated 
soil  horizon.
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FIGURE 3-13 

TYPICAL OBSERVATION WELL FOR 
DETERMINING SOIL SATURATION 

Soil and Cement 
Excavated Soil Mater ia l  M ix tu re  

1"-4" Diameter 
Solid Wall Pipe 

' I - G rave I 
t o  be Moni tored 

Min. 

3.3.3.9 Other Selected So i l  Charac te r i s t i cs  

S o i l  bu l k  dens i ty  i s  r e l a t e d  t o  po ros i t y  and the movement o f  water. 
High bu l k  dens i ty  i s  an i n d i c a t i o n  o f  low po ros i t y  and r e s t r i c t e d  f low 
o f  water. Re la t i ve  bu lk  dens i t i es  o f  d i f f e r e n t  s o i l  hor izons can be 
detected i n  the  f i e l d  by pushing a k n i f e  o r  o ther  instrument i n t o  each 
hor izon. I f one hor i zon  o f f e r s .  considerably more res is tance t o  penetra
t i o n  than t he  others,  i t s  bu lk  dens i t y  i s  probably higher.  However, i n  
some cases, cementing agents between s o i l  g ra ins  o r  peds may be the 
cause o f  res is tance  t o  penetrat ion.  

Swe l l i ng  c lays,  p a r t i c u l a r l y  montmor i l l on i te  c lays,  can seal o f f  s o i l  
pores when wet. They can be detected dur ing f i e l d  t e x t u r i n g  o f  the  s o i l  
by t h e i r  tendency t o  be more s t i c k y  and p l a s t i c  when wet. 
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3.3.3.10 Hydraulic Conductivity 

Several methods of measuring the hydraul i c  conductivity of soi ls  have 
been developed (1)(11). The most commonly used tes t  i s  the percolation
test.  When r u n  properly, the test  can give an approximate measure of 
the soi l ' s  saturated hydraulic conductivity. However, the percolation
of wastewater through soil  bel ow soil disposal systems usual l y  occurs 
th rough  unsaturated so i l s .  Therefore, empirical fac tors  must be used to  
estimate unsaturated conductivities. The unsaturated hydraulic conduc-
tivi ties can vary dramatically from the saturated hydraulic conductivity
w i t h  changes i n  so i l  character is t ics  and moisture content (see Appendix 

The percolation tes t  i s  often c r i t i c i z ed  because of i t s  var iab i l i ty  and 
fa i lu re  t o  measure the hydraulic conductivity accurately. Percolation 
tests conducted in the same soils can vary by 90% or more (1)(11)(12)
(13)(14). Reasons for the large variability are attributed to the pro
cedure used, the soil moisture conditions at the time of the test, and
the individual performing the test.  Despite these shortcomings, the 
percolation test  can be useful i f  used together w i t h  the soil borings
data. The test  can be used to rank the re la t ive  hydraulic conductivity
o f  the soil. Estimated percolation ra tes  for  various soil  textures a r e  
given i n  Table 3-7. 

TABLE 3-7 

CHARACTERISTICS OF SOIL (15)ESTIMATED HYDRAULIC

Soil Texture 

Sand >6.0 <10

Sandy loams 
Porous si1t loams 
Si 1ty clay 1oams 

Clays, compact
Si1t loams
Si1ty clay 1oams

li t yPermeabi
in. / h r  

0.2-6.0 

<0.2 

Percol a ti on
min/in.

10-45 

>45  
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I f t e s t  r e s u l t s  agree wi th  t h i s  table,  the t e s t  and bo r ing  data are  
probably c o r r e c t  and can be used i n  design. If not,  e i t h e r  t he  t e s t  was 
run  improperly o r  s o i l  s t r u c t u r e  o r  c l a y  mineralogy have a s i g n i f i c a n t  
e f f e c t  on the  hyd rau l i c  conduc t i v i t y .  For example, i f  the  t e x t u r e  o f  a 
s o i l  i s  determined t o  be a c l a y  loam, the est imated pe rco la t i on  r a t e  i s  
slower than 45 min/in. (18 min/cm). If the measured percolation rate is
15 min/in.  (6 min/cm), however, e i t h e r  the t e x t u r e  i s  i n c o r r e c t  o r  the 
s o i l  has st rong s t r u c t u r e  w i t h  l a r g e  cracks between peds. The t e s t e r  
should be caut ious i n  such s o i l s  because the unsaturated hydrau l ic  
c o n d u c t i v i t y  may be many times less.  Expandable c lays  may be present  . 

t h a t  cou ld  c lose  many o f  the  pores. 

Several percolation test procedures are used (11)(16). The most common
procedure is the falling head test (11). Though less reproducible than
other procedures, it is simple to perform in the field (11)(12). The
f a l l i n g  head procedure i s  o u t l i n e d  i n  Table 3-8. A diagram o f  a 
“percometer” designed to simplify the testing is illustrated in Figure
3-14. For a discussion o f  other  methods see the Nat ional  Environmental 
Hea l th  Associat ion ’s  “On-Site  Wastewater Management” (16).

Data c o l l e c t e d  f rom the pe rco la t i on  t e s t  can be tabu la ted  us ing  a form
s i m i l a r  t o  the one i l l u s t r a t e d  i n  F igure 3-15. 

3.3.4 Other S i t e  Charac te r i s t i cs  

If subsurface disposal does not appear to be a viable option or
cost-effective, other methods of disposal are evaluated (see Chapter 2).
Evaporat i  on and discharge t o  surface waters a r e  other  opt ions t o  
inves t i  gate. Each requ i res  f u r t h e r  s i t e  evaluat ion.  

3.3.4.1 S i t e  Evaluat ion o f  Evaporat ion Po ten t i a l  

Evaporat ion and evapot ransp i ra t ion  can be used as the  so le  means o f  d i s 
posal o r  as a supplement t o  s o i l  absorption. To be e f f e c t i v e ,  evapora
t i o n  should exceed p r e c i p i t a t i o n  i n  the area. The d i f f e r e n c e  between 
evaporat ion and p r e c i p i t a t i o n  r a t e s  provides est imates o f  quant i  t i e s  o f  
water t h a t  can be evaporated from a f r e e  water surface. 

Weather data can be obtained from l o c a l  weather s t a t i o n s  and the Na
t i o n a l  Oceanic and Atmosphere Admin is t ra t ion  (NOAA). R a i n f a l l  and snow
f a l l  measurements are a v a i l a b l e  from NOAA f o r  thousands o f  weather sta
t i o n s  throughout the  country. Many l o c a l  agencies a l so  main ta in  rec
ords. A c r i t i c a l  wet year  i s  t y p i c a l l y  used f o r  design based on a t  
l e a s t  10 years o f  records (18).
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TABLE 3-8 

F A L L I N G  HEAD PERCOLATION TEST PROCEDURE 

1. Number and Location of Tests 

Commonly a minimum of three percolation t e s t s  a re  performed within the area proposed
for  an absorption system. They a r e  spaced uniformly throuqhout the area. If so i l  
conditions a r e  highly variable, more t e s t s  may be reouired. 

2 .  Preparation o f  Test Hole 

The diameter of each t e s t  hole i s  6 i n . ,  dug or bored to the proposed depths a t  the 
absorption systems or t o  the most l imit ing so i l  horizon. To expose a natural s o i l  
surface, the s ides of the hole a r e  scratched with a sharp pointed instrument and the 
loose material i s  removed from the bottom o f  the t e s t  hole. Two inches of 1 /2  t o  3/4
i n .  gravel a r e  placed i n  the hole to  protect  the bottom from scouring action when the 
water i s  added. 

3. Soaking Period 

The hole i s  careful ly f i l l e d  with a t  l e a s t  1 2  i n .  of c lea r  water. This depth o f  
water should be maintained  for  a t  l e a s t  4 hr and preferably overnight i f  clay s o i l s  
a r e  present.  A funnel with an attached hose or similar device may be used t o  prevent 
water from washing down the s ides of the hole. Automatic siphons or f l o a t  valves may 
be employed t o  automatically maintain the water level during the soaking period. I t  
i s  extremely important t h a t  the so i l  be allowed t o  soak f o r  a suf f ic ien t ly  long
period of time to  a l low  the soil t o  swell i f  accurate r e s u l t s  a r e  t o  be obtained. 

I n  sandy s o i l s  with l i t t l e  or no c lay,  soaking i s  n o t  necessary. I f ,  a f t e r  f i l l i n g
the hole twice with 12  in .  of water, the water seeps completely away i n  l e s s  than ten 
minutes, the t e s t  can proceed immediately. 

4. Measurement of the Percolation Rate 

Except for  sandy s o i l s ,  percolation r a t e  measurements are made 15 hr b u t  no more t h a n  
30 hr a f t e r  the soaking period began. Any soil t h a t  sloughed i n t o  the hole during
the soaking period i s  removed a n d  the water level i s  adjusted t o  6 i n .  above the  
gravel (o r  8 in .  above the bottom of the hole) .  A t  no time during the t e s t  i s  the 
water level allowed t o  r i s e  more than 6 i n .  above the gravel.  

Immediately a f t e r  adjustment, the water level i s  measured from a fixed reference 
point t o  the nearest 1/16 in .  a t  30 min in te rva l s .  The t e s t  i s  continued unt i l  two 
successive water level drops do not vary by more t h a n  1/16 i n .  A t  l e a s t  three 
measurements a re  made. 

After each measurement, the water level i s  readjusted t o  the 6 in .  l eve l .  The l a s t  
water level drop i s  used t o  calculate  the percolation ra te .  

I n  sandy s o i l s  or s o i l s  i n  which the f i r s t  6 in .  of water added a f t e r  the soaking
period seeps away i n  1ess  than 30 min,  water 1evel measurements a r e  made at  1 0  min 
in te rva l s  fo r  a 1 hr period. The l a s t  water level drop is  used t o  calculate  the 
percolat i  on r a t e .  

5. Calculation o f  the Percolation Rate 

The percolation r a t e  i s  calculated for  each t e s t  hole by dividinq the time in te rva l  
used between measurements by the magnitude of the l a s t  water level drop.  This 
calculat ion r e s u l t s  i n  a percolation r a t e  i n  terms of min/in. To determine the  
percolation r a t e  fo r  the a rea ,  the ra tes  obtained from each hole a re  averaged. ( I f  
t e s t s  i n  the area vary by more than 20  min/in.,  var iat ions i n  so i l  type a r e  
indicated. Under these circumstances, percolation ra tes  should not be averaged.) 

Example: If the l a s t  measured drop in  water level a f t e r  30 min i s  5/8 i n . ,  the 
percolation r a t e  = (30  min) / (5 /8  in . )  =  48  min/ i n . )
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FIGURE 3-14 

CONSTRUCTION OF PERCOMETER 

Yard Stick 

W h e n  making percolation 
tests, mark l ines here at 
regular t ime intervals, 

4- Measur ing Stick 

Guide L Other Fixed k e n i 
Batter Board or 

Reference 

2" Layer of Gravel 

(a) Floating Indicator Fixed Indicator 



FIGURE 3-15

PERCOLATION TEST DATA FORM (17) 


Test hole number 

Depth t o  bo t tom of hole inches. Diameter of inches. 

Depth, inches Soil texture 

fat7 

4-

S C /  

Percolation test by 

Date of test 

I I I I I 

Percolation rate minutes per inch. 
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E s t a b l i s h i n g  evaporat ion data a t  a spec i f i c  l o c a t i o n  can be a more 
d i f f i c u l t  problem. Measurements of Class A pan evaporat ion ra tes  a r e  
repor ted  f o r  a l l  o f  the  s ta tes  by NOAA  i n  t h e  pub l i ca t ion ,
"Cl imato log ica l  Data," U.S. Department o f  Commerce, a v a i l a b l e  i n  
deposi tory  l ib r a r i  es f o r  government documents a t  major uni  ve rs i  ties i n  
each s ta te .  Pan evaporat ion measurements a r e  made a t  a few ( 5  t o  30)  
weather s t a t i o n s  i n  each s ta te .  Data f o r  the  w in te r  months a re  o f t e n  
omi t ted  because t h i s  method cannot be used under f r e e z i  ng weather 
cond i t ions.  The c r i t i c a l  pe r iod  of the year  f o r  design o f  systems f o r  
permanent homes is in t h e  w i  n ter .  Obtai n i  ng representa t ive  w i  n t e r  
evaporat ion data is probably the  most di f f i cu l t p a r t  o f  design analys is .  
App l i ca t ion  of evaporat ion systems i s  most favorab le  i n  the  warm, d ry  
c l imates o f  the  southwestern Un i ted  States. For these areas, pan 
evaporat ion data a r e  a v a i l a b l e  f o r  the complete year. The ana lys i s  o f  
evaporat ive  p o t e n t i a l  f o r  cooler, semi-arid regions, such as eastern 
Washington and Oregon, Utah, Colorado, and s i m i l a r  areas, requ i res  t h a t  
w i n t e r  data be es tab l ished by means o ther  than pan evaporation 
measurements, s ince these data a re  genera l ly  n o t  ava i lab le .  

One method f o r  es tab l ishi  ng representa t ive  w i n t e r  evaporat ion data i s  t o  
take  measurements on bu r ied  lys imeters.  Another method i s  t o  use empir
i c a l  fo rmula t ions such as the  Penman formula (18). The Penman formula 
has been shown t o  g i ve  r e s u l t s  comparable t o  measured w i n t e r  values 

3.3.4.2 S i t e  E v a l ua t ion  f o r  Surface Water Discharge 

For  surface water disposal t o  be a v iab le  option, access t o  a s u i t a b l e  
surface body o f  water must be ava i l ab le .  Ons i te  i n v e s t i g a t i o n s  must 
l o c a t e  the body o f  water, i d e n t i f y  it, and determine the means by which 
access can be gained. Since discharges t o  surface waters a re  usua l l y  
regulated,  the  l o c a l  water q u a l i t y  agency must be contacted t o  l e a r n  i f
discharge of wastewater i n t o  t h a t  body o f  water is permi t ted and, i f so, 
what e f f l u e n t  standards must be met. 

3.3.5 Organizing the Si te Informat ion

As the  s i t e  i n fo rmat ion  i s  co l l ec ted ,  i t i s  organized so  t h a t  i t can be 
e a s i l y  used t o  check s i t e  s u i t a b i l i t y  f o r  any o f  the  var ious systems 
discussed i n  t h i s  manual. One such method o f  organ izat ion i s  shown i n  
F igu re  3-16. I n  t h i s  example, two s o i l  observat ions have been made. 
The number o f  s o i l  observat ions var ies.  It i s  important  t h a t  a l l  p e r t i 
nen t  s i t e  in format ion be presented i n  a c l e a r  fashion t o  prov ide su f f i 
c i e n t  i n fo rmat ion  t o  the  designer o f  t he  system w i thou t  making addi
t i o n a l  s i t e  v i s i t s .  
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FIGURE 3-16 


COMPILATION OF S O I L S  AND S I T E  INFORMATION 

(INFORMATION INCLUDES TOPOGRAPHIC, SOIL  SURVEY,

ONSITE SLOPE AND SOIL  P I T  OBSERVATIONS) 

Waste water q u a n t i t y  I -

Set Back 
Contour-Soil Boundary 
Drainage W a y  
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FIGURE 3-16  (continued)  

Soil M a p  Unit -
Slope 
Landscape Posit ion - Side p& 
Landscape Type - Plane to Concave 
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FIGURE  3-16  (continued)

Soil Map Uni t  -= 
Slope 
Landscape Position - Footslope 
Landscape Type - Concave 

47 



3.4 References 

1. 	 Small Scale Waste Management Pro ject ,  Un i ve rs i t y  o f  Wisconsin, 
Madison. Management o f  Small Waste Flows. EPA 600/2-78/173 N T I S  
Report No. PB 286 560, September 1978. 804 pp. 

2. 	 Tyler ,  E. J . ,  R.  Laak, E. McCoy, and S.S. Sandhu. The Soi l  as a 
Treatment System. In :  Proceedings o f  the Second Nat ional  Home 
Sewage Treatment Symposium Chicago, I l l inois,  December 1977. 
American Society o f  Ag r i cu l t u ra l  Engineers, St.  Joseph, Michigan, 
1978. pp. 22-37. 

3. Hillel,  D. I.  Soi l  and Water: Physical P r i n c i p l e s  and Processes. 
Academic Press, New York, 1971. 302 pp.

4. 	 Flach, K. W.  Land Resources. In:  Recyclying Municipal Sludges 
and E f f l uen t s  on Land. Champaign Universi ty of  I l l inois,  J u l y  
1973. 

5 .  	 Bennett, E. R., and K. D.  Linstedt .  Sewage Disposal by Evaporat ion
Transpi ra t ion.  EPA 600/2-78/163,  NTIS Report No.  PB 288 588, 
September 1978. 196 pp. 

6. 	 Picke t t ,  E. M. Evapotranspirat ion and I nd i v i dua l  Lagoons. In:  
Proceedings o f  Northwest Onsi t e  Wastewater Disposal Short Course,
Un ivers i t y  o f  Washington, Seatt le,  December 1976. pp. 108-118. 

7. Prui t t W.  0.  Empir ical  Method f o r  Est imat ing Evapot ranspi ra t ion 
Using P r ima r i l y  Evaporation Pans. In:  Evapotranspirat ion and I t s  
Rol e i n  Water Resources Management; Conference Proceedings, Ameri
can Society of Agr i cu l t u ra l  Engineers, St. Joseph, Michigan, 1966. 
pp. 57-61. 

8. 	 Beck, A. F. Evapotranspirat ion Pond Design. Environ. Eng. Div., 
Am. Soc. C i v i l  Eng., 105 411-415, 1979. 

9. 	 Bernhart, A. P. Treatment and Disposal o f  Wastewater From Hones by 
So i l  I n f i l t r a t i o n  and Evapotranspirat ion. 2nd ed. Un ivers i t y  o f  
Toronto Press, Toronto, Canada, 1973. 

10. 	 Soi l  Conservation Service. So i l  Survey Manual. USDA Handbook 18, 
U.S. Government P r i n t i n g  Of f i ce ,  Washington, D.C., 1951. 503 pp. 

11. 	 Studies on Household Sewage Disposal Systems. Environmental Heal th 
Center, C inc inna t i ,  Ohio, 1949-3 pts .  

12. 	 Bouma, J. Evaluat ion o f  the F i e l d  Perco la t ion Test and an A l t e r 
n a t i v e  Procedure t o  Test So i l  Po ten t ia l  f o r  Disposal o f  Septic Tank 
E f f luen t .  So i l  Sc i .  Soc .  Amer .  Proc. 35:871-875, 1971. 

48 


_ _  __ 



13. 	 Winneberger, J. T. Correlation of Three Techniques for Determining
Soil  permeabili t y .  Environ. Health,  37:108-118, 1974. 

14. 	 Healy, K. A.,  and R.  Laak. Factors Affecting the Percolation Test. 
J. Water Pol lu t .  Control Fed.,  45:1508-1516 1973. 

15. 	 Bouma, J . Unsaturated Flow During Soil  Treatment of Septic Tank 
Effluent. J. Environ. Eng., Am.  Soc.  C i v i l  Eng. ,  101:967-983
1975. 

16. 	 Onsi t e  Wastewater Management. National Environmental Health Asso
ciat ion,  Denver, Colorado, 1979. 

17. 	 Machmeier, R. E. How t o  Run a Percolation Test.  Extension Folder 
261, University of Minnesota, St. Paul, 1977. 

18. 	 Penman,  H.  L. Estimating Evaporation.  Trans. Amer. Geophys.
Union, 37:43-46,  1956. 

49 



